Soybean (Glycine max L. Meff.) germplasm, isogenic except for loci controlling male sterility (ms,), was utilized to study the effects of reproductive development on certain aspects of photosynthesis. Plants were sampled at various times between flowering (77 days after transplanting) and maturity (147 days after transplanting). During that period photosynthetic rates declined more rapidly in the male-sterile genotypes than male-fertile genotypes; and after 105 days, the sterile genotypes maintained low but relatively constant carbon exchange rates. The decline of leaf photosynthesis in the male-sterile genotype occurred concomitantly with an inhibition of the photosynthetic electron transport chain associated with photosystem II. Changes in photosystem I activities, cytochromef levels, and chlorophyll a/b ratiosperse were not responsible for the decline in whole leaf photosynthesis. These conditions were independent of the source of nitrogen nutrition. Lipid analyses of the thylakoids revealed that a loss of phosphatidylglycerol was highly correlated with the inhibition of photosystem II activity. These results suggested a relation between the decline in leaf carbon exchange and the decline in photosynthetic electron transport activity.
tantly with an inhibition of the photosynthetic electron transport chain associated with photosystem II. Changes in photosystem I activities, cytochromef levels, and chlorophyll a/b ratiosperse were not responsible for the decline in whole leaf photosynthesis. These conditions were independent of the source of nitrogen nutrition. Lipid analyses of the thylakoids revealed that a loss of phosphatidylglycerol was highly correlated with the inhibition of photosystem II activity. These results suggested a relation between the decline in leaf carbon exchange and the decline in photosynthetic electron transport activity.
Several studies have investigated the photosynthetic response of crops to a reduced assimilate demand following the removal of reproductive structures (5, 10, 13, 22) . In soybeans, a depression in leaf photosynthesis following pod removal may be attributed partially to the accumulation of leaf ABA (21) which may cause stomatal closure (20) . The cause of ABA accumulation in response to pod removal is unknown; however, it may be due to physical damage affected by the treatment. Manual removal of reproductive structures is a tedious and repetitive task because of reinitiation of new reproductive tissues (8, 16) . Metabolic aberrations accrued through manual prevention of reproductive tissue development may preclude a better understanding of how source-sink interactions affect photosynthesis.
Problems associated with the imposition of such treatments in studies with soybeans are alleviated through the utilization of genetic male-sterile germplasm (4, 10, 25) . When are excluded, male-sterile soybeans may flower but will not produce seed. Exploiting genetic control of fertility to alter reproductive development eliminates the need to remove pods and should avoid undesirable or unnatural physiological effects imposed by manual pod removal. Specially developed soybean germplasm, isogenic except for loci controlling male-sterility (ms,) and nodulation (rjl), has been used to investigate the effects of altered reproductive tissue development and nitrogen source on lipid metabolism (24) , carbon and nitrogen distribution (4, 11, 25) , leaf senescence (2), and leaf photosynthesis (10) . This innovation in experimental technology has been extended to investigations of the biochemical basis for changes in leaf photosynthetic carbon exchange rates in response to altered assimilate demand. This work shows that the effects of plant reproductive load on photosynthetic activity resulted in part from changes in chloroplast photosynthetic electron transport activity, which may be caused by the loss of specific components of thylakoid membranes. Lipid Analysis. Thylakoids from chloroplasts of male-sterile and male-fertile soybean plants were transferred to 30 ml glass centrifuge tubes in 6 ml of Tricine-NaOH (pH 7.8) containing 10 mM MgCl2. Lipids were extracted from the aqueous volume with the addition of 8 ml chloroform and 8 ml methanol. The mixture was shaken and centrifuged at 4°C for 20 min at 1,000g. The water-methanol layer of the resultant biphasic solution was removed and washed three times with 5 ml chloroform. The chloroform fractions from each wash were added to the original lipid extract, and combined volumes were filtered. The filtrate was dried in vacuo and transferred to Teflon-lined glass screwcap vials with 5 (23) . Chl concentrations and Chl a/b ratios were determined using the procedure of Arnon (1) . Determination of whole leaf photosynthetic rates were conducted as described by Huber et al. (10) .
MATERIALS AND METHODS

Plant
RESULTS AND DISCUSSION An accelerated decline in leaf photosynthesis during the reproductive growth period is a typical physiological response in studies of source-sink relations when the development of reproductive tissues is prevented (10, 17) . The affected change in leaf photosynthesis becomes evident approximately 2 weeks after imposition of the treatment and persists until physiological maturity (Fig. IA) . The cause of the accelerated decline in leaf photosynthesis does not appear to be associated with a more rapid rate ofleaf senescence. A previous study showed that leaves from male-sterile and male-fertile soybean plants undergo similar changes in cellular components that are regarded as indicators of plant senescence (2) . Although older leaves from male-sterile soybeans or plants following manual (10, 25) . Hence feedback control mechanisms may be involved in the forced decline of photosynthetic rates (5, 9, 22) . However, the degree to which feedback control of metabolites may govern or result from changes in photosynthetic rates associated with reduced seed production is debatable because the actual site of photosynthetic inhibition and the mode of action is unknown.
The approach we have taken to attack this problem is to describe the effects of altered source-sink relations on photosynthetic electron transport activities. Chloroplasts isolated from male-sterile soybeans at various stages of reproductive development were found to have a significant depression of PSII mediated, DCMU-sensitive electron transport from DPC to DCPIP by 105 DAT (Fig. IB, Table I ). At 105 DAT, PSII activity in male-fertile plants was about 2.5 times greater than that in malesterile plants, as measured from water or DPC to DCPIP. These differences in PSII activity were concomitant with the changes observed in whole leaf photosynthetic rates. No treatment or genotypic differences were found in PSI electron transport from DCPIPH2 to methyl viologen, cytochrome f levels, or Chl a/b ratios between 91 and 105 DAT. Hence these data demonstrate that the inhibition of photosynthetic rates in plants carrying reduced reproductive load is associated with an inhibition of photosynthetic electron transport. Furthermore the site of inhibition was localized to the PSII region after the water splitting enzyme. Similar results were obtainedregardless of the nitrogen 1358 BURKE ET AL. incubated in the homogenates at 25C for 1 h before isolation contained identical glycolipid and phospholipid concentrations compared with samples rapidly isolated at 4°C. Therefore, the relative differences in chloroplasts from male-fertile and malesterile plants demonstrated the long-term impact of reduced reproductive tissue development on thylakoid glycerolipid composition.
STUDIES ON MALE-STERILE SOYBEANS
Treatment effects on PG concentration were singled out because the accelerated decline of PG levels in thylakoids from male-sterile plants was highly correlated and concomitant with the decline of PSII electron transport activity and leaf photosynthesis between 91 and 105 DAT. Previous work has shown that PG serves as a fixed-boundary lipid in thylakoids (13) and has established a positive correlation between DCMU-sensitive electron transport and PG concentration (3, 7, 18) . Therefore it is believed that loss of PG may affect the structural orientation of PSII in thylakoid membranes.
In summary, the accelerated decline in leaf photosynthesis induced in soybeans by diminished reproductive tissue development was related to a concomitant reduction of PSII electron transport. The cause of PS-II inhibition is not known; however, the depletion of PG from thylakoid membranes appeared to be more than a coincidence. If PG concentration directly affects PSII activity, as has been reported, additional research is needed to determine the mechanism by which the metabolic turnover of PG is accelerated in response to altered source-sink relations.
